Abstract. -The p r o p e r t i e s of glow discharge uc S i have been i n v e s t i g a t e d by c o n d u c t i v i t y , Hall e f f e c t and f i e l d e f f e c t measurements a s a f u n c t i o n of c r y s ta l l i t e s i z e and phosphorus doping r a t i o . It i s concluded t h a t t h e l a r g e incr e a s e i n a over a-Si i s almost e n t i r e l y caused by an i n c r e a s e d c a r r i e r d e n s i t y r e s u l t i n g from d e l o c a l i s e d e l e c t r o n t a i l s t a t e s .
The s i g n of t h e H a l l constant remains normal down t o an e x t r a p o l a t e d c r y s t a l l i t e s i z e of about 20A.
I n t r o d u c t i o n .
The work of Vepr'ek and h i s c o l l a b o r a t o r s (1) has shown t h a t by chemical t r a n sp o r t i n a hydrogen glow discharge plasma, m i c r o s c y s t a l l i n e (pc) l a y e r s of S i can be deposited a t a s u b s t r a t e temperature as low as 80°C. The Zurich group suggested t h a t under c o n d i t i o n s whereby a chemical equilibrium i s e s t a b l i s h e d a t t h e plasma-solid i n t e r f a c e , s t a b l e n u c l e i a r e l i k e l y t o b e formed, l e a d i n g t o m i c r o c r y s t a l l i n e growth. Recently work i n o t h e r l a b o r a t o r i e s (2) ( 3 ) (4) h a s shown t h a t P C f i l m s can a l s o be deposited from t h e s i l a n e glow discharge, widely used i n t h e p r e p a r a t i o n of a-Si specimens.
Chemical equilibrium i n t h i s case i s approached by s t r o n g hydrogen d i lu t i o n . The p o s s i b i l i t y of c o n t r o l l a b l e pc plasma d e p o s i t i o n could b e of considerable applied i n t e r e s t ; it a l s o permits an e x t e n s i o n of fundamental s t u d i e s on t h e e l e c tr o n i c p r o p e r t i e s j u s t beyond t h e a-phase a s a f u n c t i o n of s t r u c t u r a l ordering. I n t h e following we should l i k e t o r e p o r t some of o u r r e c e n t work i n t h i s d i r e c t i o n .
P r e p a r a t i o n and S t r u c t u r a l Measurements.
Specimens were prepared a t a s u b s t r a t e temperature of 2 8 0 '~ i n a c a p a c i t a t i v e l y coupled d e p o s i t i o n u n i t . The gas mixture c o n s i s t e d of 3% ( o r 2% i n some c a s e s ) of s i l a n e i n hydrogen with t h e r e q u i r e d a d d i t i o n of phosphine i n t h e case of t h e doped specimens. I n t h e l i g h t of Vepfek's i n t e r p r e t a t i o n , t h e s t r o n g d i l u t i o n of t h e s i lane by hydrogen enhances t h e r e v e r s e r e a c t i o n ( e r o s i o n ) a t t h e growing i n t e r f a c e and moves t h e r e a c t i o n c l o s e r towards equilibrium. The r e s u l t i n g decrease i n t h e deposi t i o n r a t e has been p a r t l y compensated by using a somewhat h i g h e r R.F. power of 18-25 W.
This l e d t o a d e p o s i t i o n r a t e of about 0 . 1~s -l .
The average c r y s t a l l i t e s i z e 6 was determined f o r each d e p o s i t i o n run from t h e half-width of t h e (111) e l e c t r o n d i f f r a c t i o n r i n g by means of t h e S c h e r r e r formula. The use of e l e c t r o n d i f f r a c t i o n i n t h i s connection was checked by X-ray measurements.
The r e s u l t s show t h a t c r y s t a l l i t e s i z e s i n t h e range from about 18A t o 60A can be obtained from t h e glow discharge. 6 depends c r i t i c a l l y on plasma c o n d i t i o n s , t h e amount of hydrogen d i l u t i o n and, somewhat unexpectedly, on t h e e x c i t a t i o n frequency. Of t h e 20 glow discharge m i c r o c r y s t a l l i n e (gd-uc) specimens so f a r s t u d i e d , most of t h e l a r g e r c r y s t a l l i t e s i z e s were produced a t t h e h i g h e s t frequency of 40 MHz.
The p r o p e r t i e s of thermally c r y s t a l l i s e d (th-pc) glow discharge specimens have been i n v e s t i g a t e d i n previous work ( 5 ) . For comparison we have included some measurements on such specimens c r y s t a l l i s e d a t 800°C. Their c r y s t a l l i t e s i z e s l i e above those of t h e gd-vc samples, g e n e r a l l y between 60A and 100A. (a) and (b) compare t h e r e s u l t s from an a-Si and a gd-uc specimen (6s50A) taken i n the microdiffraction mode i n a STEM. (b) i s a (110) p a t t e r n from a s i n g l e m i c r o c r y s t a l l i t e and i t s twin o r i e n t a tion. However, f o r t h e determination of 6 a high r e s o l u t i o n d i f f r a c t i o n s t a g e was used i n which a l a r g e number of c r y s t a l l i t e s (over an area measuring about 60 urn) contribute t o t h e r i n g p a t t e r n shown i n ( c ) , obtained f o r t h e same specimen as i n (b). 
. Conductivity.

Hall E f f e c t .
Extensive Hall e f f e c t measurements have been c a r r i e d out on t h e PC specimens between 440K and 210K, using t h e technique described previously i n measurements on a-Si ( 6 ) .
The Hall e f f e c t i n p o l y c r y s t a l l i n e semiconductors has received a considerable amount of a t t e n t i o n i n t h e l i t e r a t u r e and i s reviewed i n a recent a r t i c l e by Orton and Powell ( 7 ) . associated with t h e c a r r i e r dens i t y , has been p l o t t e d a a i n s t n. W e b e l i e v e t h a t t h e i n i t i a l decrease of sn(= f o r n < 10kacm-3 r e f l e c t s t h e movement of E~ i n t o t h e donor band, but t h a t the subsequent p a r t of t h e curve shows mainly t h e decrease i n the donor i o n i s a t i o n energy (9) . The l a t t e r vanishes a t ND 1 5 x 1 0 l~c m -~.
The i n t e r p r e t a t i o n depends t o some extent on t h e s t r u c t u r a l model assumed f o r t h e m a t e r i a l . As we know l i t t l e about t h e s t r u c t u r a l d e t a i l s , we s h a l l regard t h e e l e c t r o n density n , and e l e c t r o n mobility pH, deduced from the Hall
Haul Mobility.
Room temperature 1 . 1~ values f o r the gd-uc specimens generally l i e below lcm2 V-lsec-l, and are l a r g e l y independent of t h e doping l e v e l . However, t h e c o r r e l a t i o n i n f i g . 5 shows t h a t UH decreases with decreasing 6 . The Hall coeffici e n t i n gd-PC-Si i s negative, the expected sign f o r e l e c t r o n t r a n s p o r t on the macroscopic theory. u~ e x t r a p o l a t e s t o zero a t a c r i t i c a l g r a i n s i z e of about 20A and t h e l i n e then passes through t h e Hall mobility measured i n a-Si with anomolous s i g n (6) a t t h e nominal 6 = 12A. This r e s u l t i s of considerable i n t e r e s t ; i t provides the l i m i t i n g s i z e of the ordered regions i n t h i s material f o r which t h e classi c a l approach to t h e Hall e f f e c t i s applicable. A t 6 < 20A t h e microscopic i n t e r pr e t a t i o n discussed by Friedman (10) and Emin (11) become relevant.
The temperature dependence of pH i s found t o be of t h e form:
E~, which f o r t h e gd-uc specimens l i e s between 40 and 100 meV, has o f t e n been i n t e r p r e t e d as a measure of t h e average b a r r i e r height between c r y s t a l l i t e s ( 7 ) . is a measure of t h e Hall mobility i n t h e c r y s t a l l i t e having an average s i z e 6 . I t l i e s between 1 and 10 cm2v-Is-I and, l i k e pH, depends on 6. U, values a r e t h e r e f o r e q u i t e comparable t o extended s t a t e m o b i l i t i e s i n a-Si, deduced from d r i f t mobility experiments (12) . This suggests t h a t t h e formation of t h e small c r y s t a l l i n e regions discussed h e r e does not g r e a t l y change t h e t r a n s p o r t p r o p e r t i e s a s compared t o t h e a-phase. F i n a l l y , Hall e f f e c t measurements on th-pc specimens l e a d t o p~ values abou6 t e n times h i g h e r t h a n those f o r gd-PC samples. The 
